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Abstract  

Nerve  cells of  the snail Helix pomatia were  subjected to  high-frequency (159 MH z ,  8.3 Hz  
modula ted) ,  non- thermie  (maximum .qux densi ty 124/~T) e lec t romagnet ic  fields. T h e  ef fec t  o f  the  fields 
on the m e m b r a n e  potent ia l  o f  various nerve cells was investigated.  It  was observed  that short  and 
unique  Befe ldungen  t led to an a l tera t ion o f  the  m e m b r a n e  potent ia l  of  the  neurons  examined.  T h e  
a l tera t ion almost  always expressed itself as a long- term hyperpolar iza t ion  o f  the rest ing potent ia l .  A 
clear  connec t ion  be tween  the negativity o f  the  m e m b r a n e  potent ia l  of  a nerve cell be fore  the  Befe ldung  
and the  s t rength o f  the hyperpolar iza t ion caused  by the Befe ldung  was seen.  As well as this effect ,  an 
a l te ra t ion  in the threshold  o f  excitat ion of  befe lde t  cells could be measured .  

I N T R O D U C T I O N  

T h e  influences of  so-called non- thermic  high-frequency (HF)  e lec t romagnet ic  
fields (EMF)  on biological systems are  becoming  a grea ter  par t  of  public interest .  
The  fields are being made  use of  more  and  more  extensively for commercia l  
therapy  apparatus .  This  explains the  discussion about  their  medical  impor tance  
and  thei r  possible effects on the  envi ronment .  It  was against  this background  that  
the  effects of  weak ac magnet ic  fields began  to become the object of  numerous  
research projects  [1]. In the meant ime ,  a number  of  clinical f indings seem to 

* P a p e r  p re sen ted  at the syrn~osium " H i g h - F r e q u e n c y  E lec t romagne t i c  ac Fields a n d  their• Effec ts  on 
Biological Systems",  Braunschweig ,  9 - 1 0  . . . . . . . . . . . . . . . . .  July 1991. 
.1 Defini t ion:  Befe ldung  is t r ea tmen t  with a weak  (non-ionizing,  non- thermic)  e lec t romagnet ic  field. 
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confirm that  there  are effects which can be u s e d  therapeut ical ly .  Not  only the 
unknown effect mechanisms,  but also the lack of knowledge about  the  best  
therapeut ic  pa ramete rs  of the  fields used (intensity,  frequency,  m o d u l a t i o n ) a r e  
against  sensible use. Also with regard to work and envi ronmenta l  risks, grea ter  
knowledge of the interact ions be tween E M F  and biological systems is necessary at 
all costs. This  is of special impor tance  because  s tandards  for the protect ion of  
mankind  in the future could be formula ted  not  only from an energy point  of view 
[2]. It can be seen that  the opinion of many  researchers  ( f requent ly  expressed up to 
now) that  the effect of E M F  can only be subs tant ia ted  energet ical ly  must  now be 
reconsidered in the wake of more modern  knowledge.  For  invest igat ions of  the  
effect of weak e lec t romagnet ic  fields in this study, the central  nervous system 
(CNS) of  the vineyard snail is used. T h e  advantages  of using a snail as the object of 
investigation can be found in the comparat ively small number  of  neurons  (ap- 
proximately 50 000), their  easy accessibility, their  specific size (up to 150 /xm) and 
their  robustness  against  intervent ions in the  nervous system (e.g. prepara t ion) .  
Fur ther ,  it is a well-known fact tha t  the  fundamen ta l  functions of nerve ceils are 
practically identical  in the  various groups of  animals,  both f lom a metabol ic  and an 
electrophysical  point  of view (signal genera t ion ,  conduct ion and transmission).  A 
great  deal of cor respondence  can be found especial ly in molluscs and the neurons  
of ver tebra tes  (Hodgkin,  Huxley 1952). A pr incipal  t ransferabi l i ty  of the  effects of 
e lec t romagnet ic  fields observed in the neurons  of snails to human  nerve cells can 
thus  be presupposed.  The  neurons  of molluscs make  it possible to recognize not  
only short- term, br ief  effects, but  also long- term or irreversible ones,  as they can 
be measured  intracellularly for a number  of hours and even days, as opposed to 
the nerve cells of vertebrates .  Helix pomatia is thus a suitable model  organism for 
the  investigation of  neuronal  questions.  In addit ion,  exper iments  with ver tebra te  
cell cul tures  and prepara t ions  of  brain slices will be carr ied out  in our laboratory in 
t h e  near  future.  

The  first invest igations of the  nerve ceils of Helix pomatia and their  bioelectric- 
ity unde r  the  effects of weak H F  magnet ic  fields (150 MHz,  8.3 Hz, LF  pulsed)  
gave in teres t ing results [3]. The  pa rame te r  which was p redominan t ly  invest igated,  
the  m e m b r a n e  potent ial ,  showed clear  hyperpolar iza t ion  of  the nerve cells. These  
results w e r e  confirmed,  comple ted  and ex tended  in fur ther  examinat ions.  Pe rhaps  
they can form the basis for the  solut ion to the  problem of  cell-physiological 
mechanisms  of the  a thermic  effect of H F - E M  fields. 

METHODS 

For  the  experiments ,  adul t  v ineyard snails ( 3 -4  years  old) of the  species Helix 
pomatia ( t3astropoda,  Pu lmona ta )  were  used. The  CNS of the  animals  was re- 
moved wi thout  the  use of medicines.  T h e  CNS consists of an oesophageaI  gangl ion 
w i t h  cerebral  a n d  suboesophageal  ganglia.  For  intracel lular  measurements ,  only 
giant  nerve cells of the suboesophageal  gangl ion were  used ( the area  marked  by a 
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Fig. 1. CNS of Helix pomatia with intact connective tissue. CG: cerebral ganglion; CPLK: cerebro-pleu- 
ral connective; CPK: cerebro-pedal connective; P1-P10: pedal nerves; PARG: parietal ganglion; PD: 
pedal ganglion; PLG: pleural ganglion; ST: statoeyst; STN: stato nerve; VISC: visceral ganglion. The 
neurons measured are those in the circle. 

circle in Fig. 1). The  cell d i ame te r  was approximately 100 tzm. Select ion of the  
measured  cells depended  on the i r  posit ion relative to the electrode.  

Measu remen t s  of the  m e m b r a n e  potent ia l  (MP)  of  living cells, which were  not  
obviously s t imulated,  by use of  sui table measu remen t  systems always show charac- 
teristic voltage values, cal led rest ing potent ia ls  (RP),  which can remain  cons tant  
for a long t ime as a rule. In all rest ing potentials ,  the  membrane  of  the  nerve cell 
on the inside has a negat ive load compared  with the  outside.  In this study, this  
res t ing potent ia l  was the  p redominan t ly  invest igated parameter ,  in order  to estab- 
lish the  effects of  h igh-frequency e lec t romagnet ic  fields on nerve cells. 

Al te ra t ions  of the m e m b r a n e  potent ia l  occur in physiological  excitat ions or 
artificial electrical  s t imulat ion of  the  cell. An  increase in the m e m b r a n e  potent ial ,  
i.e. increased negat ivizat ion of  the  inside, is called hyperpolar izat ion,  a reduct ion 
in the  potent ia l  being depolar izat ion.  The  membrane  potent ia l  of nerve cells 
mainly  arises through:  

(1) a semi-permeable  cell membrane ;  or 
( 2 )  an uneven dis t r ibut ion of  ions be tween  the  intracel lular  and the extracel lular  

fluid, which is produced,  in te r  alia, by energy-consuming t ranspor t  processes. 
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Fig. 2. Experimental set-up for intracellular measurements. (1) Signal connection; (2) signal-ground 
connection; (3) intercellular preamplifier; (4) oscilloscope; (5) DAT  recorder; (6) Mega-Wave 150/1; (7) 
E M F  transmitter; (8) off-line computer. 

• Rest ing potent ia l  and o ther  bioelectrical  signals (AP, EPSP,  IPSP) are recorded 
by measuremen t  probes (electrodes).  For  intracel lular  measurements ,  these are 
fine glass capil laries with tip openings  of  a round 1 /xm, filled with a 3 M KC1 
solution. With  the help of  such micro-electrodes  and their  conduct ive connect ion  
(Ag-AgCI  wire) and a metal  s igna l -g round  connec t ion  in the Ringer  solut ion in 
which the objects to be measured  can be found,  and also measur ing ins t ruments  
with a high electrical resistance, the membrane  polari ty of  a nerve cell can be 
measured  and portrayed.  For  reasons to be found  in the physics of  high-frequency 
e lec t romagnet ic  fields, there  should be no metal  parts in the area  of  the effects of  
the e lec t romagnet ic  fields used. In the a rea  of the magnet ic  field, we there fore  
managed  without  metal  conductors ,  especially in the measu remen t  area,  in order  
to avoid physical interact ions which could falsify the measu remen t  or  possibly even 
make  it useless. These  demands  were fulfilled by the deve lopment  of  a new, 
modif ied  intracel lular  measur ing method.  

Measurements  of  the membrane  potent ia l  in the magnet ic  field were made  
possible by replacing the ch lor ina ted  silver wire (sig,ial and s igna l -g round  connec-  
t ion) inside the field with a 3 M H C l - a g a r - a g a r  bridge in thin plastic hoses. The  
agar bridges only pass into the silver wires, which conduct  the measured  signals to 
the  amplif ier  (Fig. 2), at a dis tance which basically rules out  an inf luence of  the 
appl ied magnet ic  field. This  me thod  makes intracel lular  measu remen t  of  nerve 
Cells in high-frequency e lec t romagnet ic  fields possible. In order  to avoid fur ther  
possible measurement  artefacts caused by an unfavourable  measu remen t  geome- 
try, the  signal and s igna l -g round  connect ions  were ar ranged more  or  less in the 
di rect ion of  the spread of  the e lec t romagnet ic  field (Fig. 3). 
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Fig, 3. Modified intracellular measurement. (1) Glass signal connection (3 M KCI); (2) KCl-agar 
bridges (3 M KCI); (3) connection of agar bridges and Ag-AgCI wife; (4) EMF transmitter; (5) ganglion. 

Cells with high spontaneous  activity were  not  used in the exper iment .  Ce l l s  
whose m e m b r a n e  potent ia l  showed many EPSP (excitatory postsynaptical  poten-  
tials) and  IPSP ( inhibi tory postsynaptical  potent ia ls)  were also not  u s e d  for  the  
evaluation.  Basically, only nerve cells with a resting potent ia l  which remained  
unchanged  (2 rnV) for at least 40 min (prel iminary stage) were  used in the 
evaluat ion.  Following the experiment ,  no ident i f icat ion of  the pene t r a t ed  "cell was 
carr ied out  by neuro -ana tomic  staining or funct ional  checks. 

The  measu remen t  was  always carr ied out  in the  following sequence:  40 rain 
pre l iminary phase,  40 rain run-up,  10 min Befeldung,  40 min run-down,  40 rain 
subsequent  phase.  The  fields used had the  following characterist ics:  carr ier  fre- 
quency: 150 MHz; modula t ion  frequency; 8.3 Hz; form of  modula t ion:  need le  
impulse; magnet ic  flux density; 124 tzT 50% (2 cm from the t ransmit ter ,  Ins t i tu te  
for Exper imenta l  Physics, Free  University of  Berlin); t ime of  appl icat ion:  10 min+ 

The  data  recorded by a D A T  recorder  (48 kHz scan frequency) were r ead  in to  
an off-line computer .  The  compute r  evaluat ion was carr ied out  on  a C o m m o d o r e  
PC by means  of  an analysis program developed in our  depar tment .  This  p rogram 
works with a scan f requency of  32 kHz. The  mean  va lues  are  taken from ten 
measured  values. This  averaging is carr ied out  unti l  a mean  value for 1 min of  
measur ing is produced.  The  program recognizes technical  in terference,  act ion 
potent ia ls  a n d  sudden  slight a l terat ions  of  the  m e m b r a n e  potent ial .  These  are  
faded out  with slight run-up or  run-down times (1 s) and are not  used in the  
computa t ion  of  the mean  value. The  t imes faded out  are displayed and should not  
be longer  than  1 rain in an exper imental  per iod  of  90-140  min. 

Measurement o f  the threshold of  excitation 
The  nerve cells were excited intracel lulary just above the  threshold  by signal 

c o n n e c t i o n s  w i t h  rec tangular  impulses in accordance  with the s tandard  method.  
Each  cell was excited ten t imes at intervals of  10 s. This  took place 10 rain before  
the Befeldung,  during the  Befeldung,  10 rain af ter  this and,  for a final time, 1 h 
after  the  end of  the  Befeldung.  
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R E S U L T S  

Measurement of the resting potential of the so-called quiet cell 
The  single Befeldung of a nerve cell almost  always resulted in the resting 

poten t ia l  being more or  less strongly hyperpolar ized.  The  hyperpolar iza t ion some- 
times s tar ted shortly after  the start  of  the Befeldung.  However,  hyperpolar iza t ion  
normal ly  occurred only in the last minute  of  the  Befeldung or, quite frequently,  
only 1 -10  rain after the end of  the Befe ldung (Fig. 4). The  nerve cell somata  
measured  had membrane  potent ia ls  be tween - 2 3  and - 6 8  mV. The  hyperpolar-  
izatmn in these cases was - 2  and - 1 3  mV (cf. Table  1). 

The  strength of  the evoked hyperpolar iza t ions  is closely connec ted  with the 
membrane  potent ia ls  of  the cells, Nerve cells with highly negative RP  (e.g. --68 
mV) were only slightly hyperpolar ized by the Befe ldung (approximately - 2  mV). 
On the o ther  hand,  cells with a weak RP (e.g. - 2 3  mV) were strongly hyperpolar-  
ized (e.g. 13 mV) (Fig. 5). Thus,  there  is a connec t ion  between the value of  a 
resting potent ia l  set by the cell and its hyperpolar iza t ion caused by the field. 

The  hyperpolar iza t ion also lasted for a number  of hours. As the prepara t ion ,  as 
described in the Methods  section, was not  in a nut r i t ion  solution but  in a blood 
rep lacement  solution, it was not  possible to establish under  these exper.lmental 
condi t ions  w h e t h e r  the depolar iza t ion of  the  m e m b r a n e  potent ia l ,  which some- 
times only occurred after several hours,  was due  to a drop in the effect of  the 
Befe ldung or  to physiological react ions of  the cell to a lack of  supply (Fig. 6). 

Measurement of the hyperpolarized resting potential after a second Befeldung 
W h e n  the hyperpolar iza t ion of a befe ldet  ceil had come to a standstill ,  i.e. the 

membrane  potent ia ls  had  taken on a stable value,  a second Befeldung was carr ied 
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Fig. 4. Single Befeldung after  one Befeldung.  The  resting potential  o f  the measured hyperpolarizations 
was approximately 7 mV. 
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TABLE 1 
Dependence of the hyperpolarization values on the membrane potential of some nerve cells. Neurons 
with highly negative membrane potentials hyperpolarize slightly after one Befeldungl Neurons with 
weakly negative membrane potentials hyperpolarize strongly after one Befeldung 

Resting potential Resting potential Hyperpolar izat ion/mV 
~tart va lue /mV after 1st Befe ldung/mV 
- 6 8  - - 7 0  2 
- 6 7  - - 6 8  I 
--67 --70 3 
- -  6 6  - -  6 9  3 
- -  6 3  - -  6 8  5 
- 6 2  - - 6 5  3 
- 5 8  - 6 2  4 
- 5 7  - 6 1  4 
- 5 6  - 6 2  5 
- 4 6  - 5 5  9 
--40 - 4 7  7 
--39 --45 6 
--39 --47 8 
--38 - 4 7  9 
--28 - 3 8  10 
- -  2 7  - 3 7  1 0  
- -  2 5  - 3 6  11  
- -  2 4  - 3 7  1 3  

out  on a number  of  occasions. The  newly set m e m b r a n e  potential  did not 
hyperpolar ize  fur ther .  A third Befe ldung also had  no measurab le  effect on the 
deve lopment  of  potent ia l  (Fig. 7). 

Befeldung of  non-quiet cells 

(a) Alongside  quiet  cells, o the r  nerve cells were  also included in the exper iment .  
Neurons  were  befeldet ,  the resting potent ial  of  which was not  stable but  had  a 
depolar iz ing tendency.  This tendency was s topped by the  Befe ldung and,  in some 
cases, even reversed (Fig. 8). 

(b) Some ceils, which were  possibly excessively d a m a g e d  in the pene t ra t ion  of  
the signal connection,  showed s trong depolar izat ion.  The  Befeldung did not, as in 
case (a), achieve a drop  in the depolar izat ion,  but  the  exact opposi te  (Fig. 9). The  
depolar iza t ion  was clearly increased and practically led to potential  compensa t ion  
af ter  a short  t ime (approximate ly  1 h). 

Measurement o f  the threshold of  excitation 

Natu ra l ly ,  i t w a s  interest ing to see how the th resho ld  of  excitation of  a nerve 
cell would behave  if its m e m b r a n e  potent ia l  was hyperpolar ized by Befeldung.  
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Fig. 5. Hyperpolar izat ions  after one Befeldung as a function o f  the initial membrane  potential.  U p p e r  
line: membrane  potentials of  various cells before  the Befeldung;  lower line: hyperpolar izat ions o f  these 
cells after cne  Befeldung.  

U n f o r t u n a t e l y ,  t h e r e  are few resul ts  c o n c e r n i n g  this  ques t ion .  Y e t  t he se  a re  very  
in te res t ing ,  for  which  r eason  they  are  p o r t r a y e d  he re  (Table  2). U n f o r t u n a t e l y ,  it 
has  only b e e n  possible  to car ry  ou t  the  e x p e r i m e n t  t h r ee  t imes  up  to now,  t he  
resul t  b e i n g  the  same  each  t ime.  T h e  e lec t r ica l  in t race l lu la r  s t imula t ions ,  to wh ich  
a reac t ion  came  wi th  ac t ion  po ten t i a l s  (AP)  in abou t  83% of  the  cases  in the  
run-up ,  which  b r o u g h t  abou t  a r eac t ion  of  36 .6% dur ing  the  Be fe ldung .  T e n  

T A B L E  2 

Measuremen t  of  the threshold of  excitation before,  during and after  a Befeldung ( three different  nerve 
cells). Evoked action potentials (cAP)  caused by electrical rectangular  stimuli before,  during, 10 min 
and 1 h after  a Befeldung 

R P /  Before Dur ing  10 min after  1 h after Hyperpolar iza t ion 
mV Befeldung Befeldung Befeldung Befeldung mV 

cAP  cAP  eAP cAP  

- -  58 28 12 17 22 - - 5  

- -40  27 10 15 20 - 7 
- 5 6  28 11 16 22 - -6  

c A P  total = 83% 36.6% 53.3% 71% 
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Fig. 6. Al te ra t ions  o f  the m e m b r a n e  potent ia l  o f  a nerve cell a f te r  one  hyperpolar iza t ion .  Approxi -  
ma te ly  90 rain a f t e r  the  end  of  the  Befe ldung,  the  hyperpolar iza t ion  of  the  m e m b r a n e  potent ia l  due to 
the field has f inished in this ease. Af t e r  a p la teau  phase ,  slow depolar iza t ion  s tar ts  abou t  3 h af ter  the 
end  o f  the Befe ldung.  

minutes  after the e n d  of  the  B e f e l d u n g ,  this f igure rose  to 53 .3% again,  even  rising 
to 71% after 1 h. However ,  it must  be m e n t i o n e d  that the  cel ls  used  in these  
exper iments  had a relatively strong negat ive  resting potent ia l ,  which  m e a n s  that 
the hyperpolar izat ion  was  not very strong. 

Measurement of  artefacts 

T h e  problem with e lectrophys io log ica i  m e a s u r e m e n t  in e l ec tromagnet i c  f ields is 
to cover all poss ib le  artefacts  which  may inf luence  the  nerve  cell  wire  o f  the  
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Fig. 7. Al te ra t ion  o f  the m e m b r a n e  poten t ia l  o f  a nerve cell with th ree  Befe ldungen .  Only  the  first 
Befe ldung  leads to hyperpo la r iza t ion  o f  the  m e m b r a n e  potent ia l .  Befe ldung  2 and  3 have no  effect.  
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Fig, 8. Al te ra t ion  of  the m e m b r a n e  potent ia l  o f  a non-quie t  cell a f t e r  a single Befe ldung.  T h e  low 
depola r iza t ion  of  the m e m b r a n e  potent ia l  o f  a nerve cell is s t opped  a f t e r  one  Befe ldung  and then  even 
b rough t  to hyperpolar izat ion.  

recording electrode.  The re  are some physical p h e n o m e n a  (magnet ic  induction,  
rad io  aerial  effect, inf luention,  skin effect, etc.) which have proper t ies  masking the 
ability to influence the measurements .  In order  to escape from magnet ic  voltage 
induct ion we in te r rup ted  the measur ing  loop during the e lec t romagnet ic  Befel- 
dung. The  disadvantage of this type of  measurement ,  however,  is tha t  the  neurons  
(RP)  cannot  actually be tes ted dur ing E M F  stimulation.  The  electrical  inf luent ion 
was tested exper imental ly  and we could not see any artefact.  O the r  effects were  
calculated (Inst i tute of Exper imenta l  Physics, FU,  Berl in)  but  there  was no 
indicat ion of any electrical or  o ther  inf luence on the measur ing  system. 

m~ 

-10 

-Z6 

-:~0 

-40  

-51] 

. . . .  i . . . .  I . . . .  I . . . .  

• 

! : ! :~ :! :  !~ L:! i :~" ! : i !~" !:,:: :~:!!.!!!.:~ :,,:!': ! ~! : : , : ! ' !  :'~: !~ 
0 IO 20 ~O 40 

U 

. . . .  | . . . .  I . . . .  I ' • " ~ - '  i • " , T , _ , . J  

r .  . : "*'~ ~. '~t ~:i" = ~ "  ;~:,~ : ,  

50 50 70 80 BO min, 

Fig. 9. Al tera t ion  of  the m e m b r a n e  potent ia l  o f  a nerve cell depolar iz ing  due  to injury, a f t e r  o n e  
Befeldung.  T h e  depolar iza t ion  of  the  cells is s trongly acce le ra ted  a f te r  the E;efeldung. 
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Na tu ra l ly ,  B e f e l d u n g  was  also ca r r i ed  ou t  on  cel ls  which  had  comple te ly  
co l l apsed  phys io logica l ly  (a lmos t  c o m p l e t e  c o m p e n s a t i o n  of  po ten t ia l ,  no  EPSP ,  
I P S P  or  A P ,  and  no e lec t r ica l  excitabil i ty) .  In  the  B e f e l d u n g  of  these  ceils, t he r e  
was  no  a l t e r a t i on  of  the  po ten t i a l  m e a s u r e d .  In  t he  e x p e r i m e n t s  wi th  quie t  cells, a 
re la t ive ly  un i fo rm t e n d e n c y  towards  h y p e r p o l a r i z a t i o n  was  seen.  T h e  re l a t ionsh ip  
b e t w e e n  the  res t ing  po t en t i a l  and  the  s t r eng th  of  the  hype rpo l a r i za t i on  to  be  
a t t r i b u t e d  to the  B e f e l d u n g  (h igh  res t ing  p o t e n t i a l  - -  w e a k  hype rpo l a r i za t i on ;  low 
res t ing  po ten t i a l  - -  s t rong  hype rpo l a r i za t i on )  c o r r e s p o n d s  to the  quan t i t a t ive  rela-  
t i onsh ip  b e t w e e n  the  c o n c e n t r a t i o n  ra t io  and  the  equ i l i b r ium po ten t i a l  on nerve  
cell  m e m b r a n e s  ( N e r n s t ' s  equa t ion) .  Th i s  is also why r e p e a t e d  B e f e l d u n g  in the  
e x p e r i m e n t  did no t  lead  to any  f u r t h e r  hype rpo la r i za t ions .  

D I S C U S S I O N  

T h e  resu l t s  o f  the  B e f e l d u n g  of  non -qu i e t  cells  m a t c h  the  a b o v e - m e n t i o n e d  
a t t e m p t s  at  exp lana t ion .  T h e  end  of  d e p o l a r i z a t i o n  t e n d e n c i e s  co r r e sponds  to tha t  
of  the  h y p e r p o l a r i z a t i o n  and  could be  subjec t  to t he  s ame  ef fec t  mechan i sms .  T h e  
m e a s u r e m e n t  o f  h ighly  d a m a g e d  ne rve  cells is d i f fe ren t .  T h e  acce le ra t ion  of  the  
po ten t i a l  c o m p e n s a t i o n  could  be  s u b s t a n t i a t e d  by the  f a c t  t ha t  the  m e c h a n i s m s  
which  led to  t he  h y p e r p o l a r i z a t i o n  of  qu ie t  cells  can  no  longer  work  effectively.  
Neve r the l e s s ,  t hey  cou ld  possibly  r e p r e s e n t  a p rocess  which  consumes  a la rge  
a m o u n t  of  energy .  Th i s  ene r gy  c o n s u m p t i o n  could  lead  to a qu ick  col lapse  o f  the  
b ioe tec t r ic i ty  of  the  ne rve  cell. 

T h e  m e a s u r e m e n t  of  the  th resho ld  o f  exc i ta t ion  of  a ne rve  ceil showed  qui te  
specia l  resul ts .  A n  i n t e r p r e t a t i o n  can  only  be  m a d e  very re t i cen t ly  here .  Obviously ,  
the  s t ronges t  ef fect  of  the  e l e c t r o m a g n e t i c  f ie lds  d u r i n g  the  B e f e l d u n g  is t ha t  it 
causes  a d r o p  in the  evoked  po ten t i a l s  to  36%.  T h e  r eac t i on  to e lec t r ica l  s t imuli  
inc reases  aga in  a f t e r  the  Befe ldung .  Th i s  a p p e a r s  to  con t r ad i c t  the  resul ts  o b t a i n e d  
up to now, as the  exci tabi l i ty  is at  i ts lowest  a t  t h e  m o m e n t  w h e n  the  hype rpo la r -  
iza t ion  caused  by the  f ie ld is also at  its lowest ,  s o m e t i m e s  ha rd ly  measu rab l e .  T h e  
exci tabi l i ty  inc reases  aga in  wi th  the  a m o u n t  o f  h y p e r p o l a r i z a t i o n  or  wi th  the  drop  
in the  Be fe ldung .  All  the  f ind ings  m e a s u r e d  ind ica t e  tha t  var ious  effect  mech a -  
n i sms  exist  in t h e  f ie ld ef fec t  on  ne rve  cells. 

M o r e  prec i se  a n d  more  n u m e r o u s  m e a s u r e m e n t s  in o u r  ins t i tu te ,  in te r  alia on  
b ra in  scl ices and  ne rve  cell  cul tures ,  and  e x a m i n a t i o n s  o n  ion c h a n n e l s  will 
p r o d u c e  f u r t h e r  resu l t s  in t h e  n e a r  f u tu r e  a n d  thus  possibly  con t r i bu t e  to the  
f o r m u l a t i o n  of  a g e n e r a l  t heo r y  of  effects .  As  t h e r e  has  b e e n  f r equen t  specu la t ion  
in the  med ica l  l i t e r a tu r e  in the  r e cen t  pas t  c o n c e r n i n g  the  effects  ~f weak  
e l e c t r o m a g n e t i c  f ie lds  in the  i m m u n e  sys tem of  man ,  inves t iga t ions  a re  cu r ren t ly  
be ing  ca r r i ed  ou t  in o u r  l abo ra to ry  on  n e u r o s e c r e t o r y  ne rve  cells on  mol luscs  
(Lymnaea stagnalis), t he  a im be ing  to examine  the  f ie ld effects  r e f e r r ed  to in this  
pape r .  

Owing  to the  c h a n g e  in m e t h o d s  in the  in t r ace l lu l a r  m e a s u r e m e n t  of  ne rve  cells, 
it was  poss ib le  for  t he  first  t ime  to m e a s u r e  the  m e m b r a n e  po ten t i a l  f ree  o f  
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artefacts during and after the Befeldung with weak H F  e lec t romagne t ic  fields. 
Thus,  the effects which the fields used had on the bioelectrici ty of  the nerve cells 
(clear hyperpolar izat ion)  were proven. These  results were especia l ly  impor tan t  
because it was possible to show clear influences on the electrical propt~rties of  
nerve cells, despite the use of  field strengths below the mean  energy of  molecular  
thermal  motion.  

As thermic effects through the  fields used are ruled out  [4], one  or more  
different  effects must cause the a l tera t ion of the bioelectrici ty of  the cells investi- 
gated. 

As the membrane  potent ia l  is basically a biophysical  p h e n o m e n o n ,  which can be 
explained by the specific proper t ies  of  the cell membrane ,  it would be possible to 
imagine effect mechanisms which have an effect on e lements  of the membrane ,  
e.g. various pro te in  structures, on the basic s t ructure of  the membrane  (phos- 
phol ipid double  layer) in its in te rpre ta t ion  as a liquid crystal or  membrane  
condenser  or on the energetics forming the basis of  the active t ranspor t  mecha-  
nisms. The  al terat ions  of the ion channels  which result  f rom this, and therefore  
also of  the permeabi l i ty  and the resistance of  the cell membrane ,  could explain the 
measured  a l tera t ions  of  the bioelectricity of  ~he iielwe cell. 
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